Abstract: Studying elusive species of conservation concern might be difficult for technical and ethical reasons. However, censuses can be based on the observation of activity indices. When coupled to non-invasive genetic methods this approach can provide extremely precise information about population size, individual movements and diseases. However, the design of optimal sampling is dependent on a knowledge on group distribution and possible variations of detectability of index targets. The aim of this study was to document the distribution of Yunnan snub-nosed monkey indices in space and time in that perspective. Based on transects carried out across the range of a fed population and on counts along the trail across the range of a wild group, we show that 2-3 day stays of a group in a place of some hectares were sufficient to get an homogeneous distribution of indices. Furthermore, the number of indices found were dependent on both pig presence and season. On the other hand, on a large scale of 100 km 2 indices were spatially distributed as nested clusters. Indices distribution indicated a strong preference towards southern slopes and altitudes ranging between 2900 and 3400 m. Those observations pinpoint the importance of considering spatial scale to organise sampling designed to estimate population distribution.
Introduction
The Yunnan snub-nosed monkey, Rhinopithecus bieti, Milne-Edwards 1897, lives in one of the most extreme environments of any non-human primate. It is found in 15 discrete populations totalling less than 3000 animals, in northwestern Yunnan and southeastern Tibet, between the Jinsha (upper Yangtze) and the Lancang (upper Mekong) rivers, where it inhabits temperate alpine forest ecosystems and occasionally venture into very high elevations reaching 4700 m above sea level (Long et al. 1994 , Li et al. 2015 , Yu et al. 2016 ). The species is thought to be one of the most endangered in China, due to involuntary trapping by deer hunters, poaching, habitat loss especially from logging and habitat fragmentation particularly from agriculture encroachment and road network extension (Xiao et al. 2003 , Liu et al. 2009 , Quan et al. 2011 . Rhinopithecus bieti is an elusive species in most of its range and for ethical reasons cannot be captured. So far, censuses are based on visual observation (Kirkpatrick et al. 1998) , hearing and on detecting activity indices such as faeces (Zhao et al. 1988) . To study species distribution and populationrelative densities using indices is not a new idea, and this has been undertaken many times on other species. For instance, Sadlier et al. (2004) and Webbon et al. (2004) have shown for foxes, Vulpes vulpes, Linnaeus 1758, that on a large spatial scale (e.g. national) and a coarse spatial resolution (1 km grid) scat counts are well correlated to other methods of population distribution estimation. By contrast on a smaller spatial scale (some hundreds of square kilometres) although fox scats are more easily found along trails, transects appear to be more precise (Giraudoux 1991 , Guthlin et al. 2012 . This underlines the fact that the way indices can be used are scale dependent. Furthermore, survey efforts should consider comparisons between habitats and seasons carefully in sampling design. For instance, detectability may vary according to many factors such as weather, vegetation height, etc. Although often crucial where study concerns elusive species, using indices must be implemented with a sufficient knowledge about any source of detectability variations beside population densities. Using multiple independent techniques (e.g. scat counts, snow tracking, counts on dens, camera trapping, etc.) to verify their relative value is recommended (Beltran et al. 1991 , Gompper et al. 2006 . In some cases, observations of indices along transects have provided efficient ways for monitoring seasonal and inter-annual fine changes in population densities on multiple scales from local up to regional as shown for grassland voles (Delattre et al. 1992 , 1999 , Giraudoux et al. 1997 , Berthier et al. 2014 .
The recent development of molecular ecology is currently renewing the study of wildlife populations and biodiversity monitoring (Waits and Paetkau 2005 , Vigilant and Guschanski 2009 , Bohmann et al. 2014 . Genomic DNA can be obtained from a variety of sources that do not necessarily depend on handling or observing animals, like faeces, urine, hair, or shed skin. These non-invasive samples are particularly useful to study rare or elusive species, and can be used to count and identify individuals through genotyping, to determine gender and to identify species or diet items (Waits and Paetkau 2005) . Genetic data are also used to assess habitat use, range size, mating systems, hybridisation, gene flow, dispersal barriers, pathogens and population size. Conservation biology benefits of genetic data to define management units and to provide insights into demographic patterns. Among the non-invasive samples, faeces may represent the most readily-available and easily-collected source of information (Kohn and Wayne 1997) . Collecting faeces has the advantage of reducing the logistics of fieldwork and offers an opportunity to have hundreds of samples that can be managed later in the laboratory. In the case of Rhinopithecus bieti, molecular tools have been used on faeces to assess the population genetic structure and to define management units (Liu et al. 2007 (Liu et al. , 2009 , and offer a promising approach to explore the ecology of this species.
The relevance of the results of such studies are largely dependent on a sampling design that incorporates a knowledge about population space-time distribution. For instance, extrapolation on large areas, or on other inappropriate time-space scales, of results obtained from a population distribution thought to be homogeneous from habitat analysis (e.g. remote sensing, etc.) but actually clustered, can lead to strongly biased estimations. It is thus important to gather field information which permits organising further sampling designs and to know the parameters that can explain variations in index abundance in space and time beside monkey population densities. The aim of this study is to describe the distribution patterns of Yunnan snub-nosed monkey indices in space and time in order to document further research on space occupation and molecular genetics.
Materials and methods
The study area concerns group #9 of Liu et al. (2009) . The group (n > 400) ranges on an area of about 56 km 2 (2500-4000 m a.s.l) in the subtropical-temperate montane Samage Forest (part of Baimaxueshan National Nature Reserve) in the vicinity of Xiangguqing ( ) and Gehuaqing ( ) hamlets , at the north-west of Tacheng, between the upper reaches of the Lancang (upper Mekong) and Jinsha (upper Yangtse) rivers. Since 2008, in order to increase public awareness about monkey conservation and promote ecotourism locally, the guards on the reserve provide a small group of about 60 individuals with food (Bryoria sp. and Usnea sp. lichens, the natural staple food of this species, collected in the neighbourhood) in fixed stations of some hectares in the Xiangguqing valley every morning ( Figure 1 ). The guards change the feeding station every 2-3 days to another site at some 100 m away in order to stimulate natural displacements that any Yunnan snub-nosed monkey group usually carry out to find food. During the feeding sessions, tourists easily see this group, here after named the "fed group". Although guards permanently monitor it, individuals move freely in the area and can mix with the rest of the population, here after named the "wild group". The wild group is very elusive with a range estimated at 52 km 2 ). Long trekking in sloping mountains is necessary to observe individuals and presence indices and the details of the organisation and structure of this group of several hundred individuals is still poorly known . White line, border of the monkey distribution after Wong et al. (2013) . Black lines, trails walked; black circles, location of indices of the wild group; white circles, location of the feeding stations; Viet., Vietnam.
Presence indices
Presence indices were defined according to three categories following He et al. (2017) and interviews with the guards. (1) Feedings: faeces, food remains (lichens, leaves), gnawing prints, e.g. on twigs, (2) movements: broken bark, broken twigs, hairs, snow prints, etc. and (3) direct observation and hearing. Faeces are very characteristic and cannot be mistaken with other monkey species (e.g. Macaca mulata) in the area (Figure 2 ).
Wild group
We accompanied the guards during their regular surveys in the mountains. We georeferenced the track from the trail point where guards estimated that monkey presence was possible, to the end of the trail. Presence indices were georeferenced and slope and vegetation features were additionally recorded.
Fed group
The group was not disturbed during the feeding days, and we visited the area after guards flushed the group away to another feeding station. A transect crossing the area was walked and the track was georeferenced. Every presence index was georeferenced (except lichens, as these were provided by the guards). Additionally, we recorded the group residence duration, the presence of pigs, slope and vegetation features.
Remote sensing
Altitude, slope and aspect were derived using an ASTER Global Digital Elevation Model V002 at 30 m resolution and 10-20 m altitude precision (https://asterweb.jpl.nasa. gov/gdem.asp) (Caltech, Pasadena, CA, USA).
Computings
Computings were done using R 3.4.1 (R Core Team 2016) with the packages rgdal, sp (Bivand et al. 2013 ) and pgirmess (Giraudoux 2017) and Quantum GIS 2.18 (QGIS Development Team 2016).
We used SaTScan 9.4.2 to test the randomness of indices distribution according to spatial scan statistics developed by Kulldorff and Nagarwalla (1995) . Here, we tested the null hypothesis that the presence or absence of indices in 100-m intervals along the track follows a binomial distribution. In brief, Kulldorff's method imposes a circular window on a map and moves the circle centre over each point location, so that the window includes different sets of neighbouring points at different positions. At each point location, the radius of the circle is increased continuously from 0 to a maximum containing at most 50% of the total number of points. The Kulldorff's method detects the potential clusters by calculating a likelihood ratio for each circle comparing the expected (under the null hypothesis) and observed frequency in and outside the circle. The circle with the maximum likelihood ratio among all radius circles at all possible point locations is considered the most likely cluster (called the primary cluster). It also identifies secondary clusters that have a significantly larger likelihood ratio but are not the primary cluster, etc. Here both the frequency of indices higher than average (high rate cluster), and lower than average (low rate clusters) were taken into account.
Index density differences according to environmental variables and sampling pressure were modelled using a generalised linear model with a Poisson link function, and the significance of coefficients was tested using analysis of variance (Venables and Ripley 2003) .
Metadata on trail and index locations can be accessed via the dat@osu portal (https://dataosu.obs-besancon.fr/ FR-18008901306731-2018-03-20) (University of FrancheComté, Besançon, France). 
Results

Wild group
Fourteen trails were walked from the 20th of March to the 9th of June 2017 (among them four tracks could not be exactly recorded by global positioning system [GPS]), totalling more than 82 km between 2500 and 4130 m of altitude (Figure 1) . Here we found a number of indices out of the known distribution range of the group, which indicated that it has shifted or enlarged. Figure 3 shows that the frequency of indices peaked between 2900 and 3400 m of altitude. A comparison with altitude frequencies walked along the trails rules out a random distribution (chi-squared (χ 2 )-test, p < 0.0001) and indicates a clear group preference for this altitude range. Furthermore, we found a much larger number of indices on south slopes than what would be expected from a random distribution (comparison with the slope frequencies walked along the trails: χ 2 -test, p < 0.0001) (Figure 4 ). Indices were not randomly distributed along the tracks and clusters were identified. The larger high rate clusters was found in the Xiangguqing valley (p < 0.001), including two smaller secondary higher rate clusters (p < 0.001 in both cases), and a low rate cluster was identified on the southern part of the DaXunHu track crossing the heights between Xiangguqing and Gehuaqing (p = 0.001) ( Figure 5 ). Table 1 shows that once trekking in monkey habitats, 850 m in average (minimum 200 m, maximum 2000 m) were walked before finding the first indices.
Fed group
Twenty-two transects were walked across feeding stations from the 15th of March to the 19th of June 2017, totalling 6.8 km. After a monkey stay of 2-3 days, indices could be found in virtually every 100 m transect interval and no cluster could be detected (Figure 6 ).
Controlling for the monkey residence time at the feeding station and transect length, the number of monkey Table 2 ). Figure 7 indicates that index densities increased during the study period.
Discussion
If a relatively large number of studies have looked for a correlation between mammal presence indices, spatial distribution and population densities, to our knowledge only one concerns a non-human primate. Zhao et al. (1988) were the first authors to determine ranging patterns of Rhinopithecus bieti in a census realised in the first fortnight of April 1986, at approximately 96 km north of our study area, at the south-western distribution range of group #5 (Li et al. 2015) , one of the most northern groups of R. bieti in Yunnan. There Zhao et al. (1988) found that monkeys tended to use the upper part of the forest ranging between 3900 and 4100 m of altitude. Quan et al. (2011) studying another group, about 100 km further north-west, in the Tibet Autonomous Region, later found that this preference for higher altitude in winter was a preference for areas with higher solar radiation and longer sunshine duration. However, in those studies little information is available about the possible variations of detectability and no information about general distribution patterns over large areas. Figure 6: Distribution of indices (black circles) along the transects walked at the feeding stations. The present study aims at documenting the distribution patterns of indices locally in places where a known number of monkeys (n ~ 60) was observed staying for 2-3 days at the same place and on a larger area of approximately 100 km 2 where a large but imprecise number (>400 individuals) was known to roam permanently. Here we show that 2-3 days were enough to spread homogeneously with conspicuous indices virtually every 100-m interval of transects carried out in a feeding area. However, the total number of indices found was dependent on pig presence. A lower number of faeces was observed where pigs were present, which was obviously due to the fact that pigs were actively searching and eating monkey faeces (guards and Fu Rong's personal observations). Moreover, the index detectability increased from March to June. This might be due to late snowfalls in March, the recent snowfall covering the ground and decreasing index detectability at that period.
Our study shows that on a larger scale (some tens of square kilometres), contrary to what has been observed in Zhao et al. (1988) and Quan et al. (2011) the Qiangguqing population did not prefer higher altitude, with a larger number of indices found between 2900 and 3400 m. However, this population showed an extremely strong preference for southern slopes, possibly as a way to fulfil their sunshine needs in the Qiangguqing valleys.
Monkey indices distributed in nested clusters, with clusters of high or very high-index densities and a large area where no indices could be found. This observation pinpoints the importance of careful attention to the scale of the study and the challenges of integrating overdispersed (nested) distribution patterns to describe spatial distributions (Hobbs 2003) . In our case, it is obvious that more work is needed on population behaviour to establish a correspondence between indices and the monkey population structures in space and time. As direct and detailed observation of a large number of wild animals can be extremely difficult, using faeces and genetic markers (e.g. permitting individual identification) is an extremely promising way to elucidate how snub-nosed monkeys range over large areas. The patchy distribution observed also indicates that sampling indices need to be designed on large scales of several tens of square kilometres to assess population distribution properly.
